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The atomic miclel which emerge as a result of bdbeta«decay sre usually found
in excited states, vhich are mmde known by the fact that beta-decay is acc ad
by the emisaion of gamma-rays. In thoge cases where decay leads to the formstion
of an enfi mcleus in geveral different energy states, ve obtain a complex beta-
spectrum, vhich is the result of the superposition of a mumber of elementary,
partial beta-spectra corresponding to transiticns to different mnuclear levels
of the profuct. To solve the problem of the fora of the beta-spectrum, the com-
plex spectrum mmst be broken down into the elementary spectra. Suck an analysis
is also intercsting from the standpoint of establishing the system of muclear
ousrgy levels of the product. The elementary spectra are frequently separated
by resolving the proper Fermi graph into spparate linear eections. This method,
hovever, is not particularly relisble or accurate, Therefor it would be
desiradble to measure the slementary beta-spectra directly.

If, as a resalt of beta-decay, the end micleus is formed in the ground
state and in one of the excited states, separation of the partial spectra may
be accomplished easily by using the method of beta-garmm coincidences. The
number of beta-gamm coincidsncedh 1s meagured for varioms energy sections of
. ths contimous beta}spectrum, separated by some sort of beta-spectrometer., Such
zeasurements immediately yleld the partial beta-spsctrum corroapondine to the
transition to the axcited muclear level of the product.

The prodlem becomes conaideradbly more complex vhen lae end micleus frrms - X
in several excited stetes. In this case, the deta-gammm coincidences belonglng f“
to photons of definite snergy which are emitted in the radiation of the given

excited state mst be distinguishad. ’ .
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This csn be done if, instead of a gams-counter, = second beta-spectro-
weter 1s used $o separate the conversnion (or other secondary) electrons from
the corresponding gaamm-line. Given such an apparatus, the partial beta-
gpectrum mey beo resolved by msasuring the muber of beta-beta colncldences
for & Pixsd conversion llne and for different sectioms of the contimous

spectyum.

With thls purpore in mind, we constricted e doudls beta-spectrrmeter. .
{Figure 1, appended). It 1s & combination of two identical beta-spe ctromstexs
vith magnetic lenses. A copper Dipe with a dlemeter of 18.4 centimeters and
an over-all length of 2 meters was used as & vacuum chamber T. The inside of
the pips was lined with a 3-millimeter alumimm leyer. The beta-counters C)
and were placed endwise st Both ends of the pipe. The magnetic lenses
and L. wers aligied separately with the aid of a special dovice which aligned
the sg_is of sach lens with the axis of the pipve. A corrent coll, placed in the B
herizontal plane pasaing through the axls of the pips, vas used to compensate for : O A
I the vertical cempcment of the earth's megnstic fisld. The source S was placed S
in the center point of the pipe. It could be repleced without disturblng the’
vacuum through the use of a special locking unit I,

The coincidences in counters Cl and Cy were registered by an slectronic
clrenit with a resolving power of 37x 10-7 sscond. A

‘The dcuble beta-spectromster was used to etudy the beta-spectyum of an
active thorium deposit, precipitated on a thin aluminum foll in the form of a
small circle 8 millimeters in diamster.

The spsctrum of a thorium deposit 1s the superposition of the beta-spectra
of thres rediocactive elements: ThB, ThC'', and ThC, whose upper limits ere,
respsctively, equal to 340, 1,620, add 2,250 keV. In trausitions ThB-»ThC, the
majority of the decays occurs at the excited muclear. level of ThC with an excite-
tion energy of 238 keV. The gamm-rays amitted in radlation of this state are
very active in conversion in the electron shell, ylelding an intense line H =
1,385 oersteds per centimeter, corrwsponding to the extraction of an electron
fron the K-level. We ussd this conversion line to separate the fundamental
partial beta-spectrum of ThE from the complex aspectrum of the thorium deposit.

In the measursments, the conversion electrons of K = 1,385 cersteds per
centimeter were focused on the counter Cy by the magnetic lens L,. Ths current
in the other magnetic lens Z.a was varisd so that wlectrons of 4ifferent energies
of the complex beta-spectruxm for the thorium deposit fell altermately upon the
counter C.

. A beta-spsctrum was cbtained. The curve wes c¢ .rected for absorption of
eloctrons in the window of the counter. The comparatively small statistical
accuracy of separate measurements 1s due to the fact that a week preparation
vas used (approximetely 25.micro Curies). Stronger sources could not be used
becanse tho mumber of chence coincidernces Incrsases proportionally to the square
of scurce-activity, while ths mumde. of gemuine coincidences increases linearly.
The following .umbers represent the relation bstween chancs and gemuine coln-.
cidences for ths rsgicn clcogo to the epectyum mewdmm: He = 0,51 pales par
mimte and Mg = 0.73 pulse per mimte. :

Ths ThB spectrum is presented in the form of a Fermi graph, which is
rectilinsay throughout, fram its upper limit down to 80 keV. Ths, the slemen-
tary character of the beta-spectrum under consideration is conflimed. By extra-
polating the carve to the abscissa, we obtain 340 keV as the upper limit of the
dota-spectrum. This figure agrees well with other data.
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The complete spectrun Por the active thorium deposit was obtained with
+ho ald of the second beta-apectromster. Ity upper limit lles at approxi-
mtely 2,250 keV. The spectrum of beta-bsta colncidences for Thi was also
roprodui.;d Tor comparison. Allcwance wee made for absorption in the winkows
of the counters in bt cases. In these graphs ths mmber of electrone of the
spectra of ThB and TL{B+C - ¢'*) iu arbltrary (and differont for bothk curves)
dimensions 1g placed along the abacisaa.

While this work wag dning completed, an erticle by N. Feather, J, Eyles,
and B. W. Pringle (Proc. Phys. Soc., 61, 466, 1948) appeared, describing the
results of similar measursments with en active thorium dsposit. Unllke our
work, however, their msasursments were confucted in a unit consisting of two
Tunish-typs bela-spectrometors. Therefors, to resclve the differsnt sections
of the contirmous beta-spsctrum, they had to wesort to the shifting of Galger
counters, time complicating the work.

[A—i’pondad figure follows _7
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